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Detailed Report 



Sphere of application of patent 

(requested clause 1) 

It is regarding a manufacturing method for carbon fiber composite electric cable 
which has the following characteristics: A core wire consisting of carbon fiber is 
continuously immersed in a molten metal conductor, and the molten metal is attached 
around the core wire. Next, after the metal is cooled and solidified, it is pulled through a 
die. A carbon fiber composite conductor with 21 volume % or more carbon fiber is 
obtained. 

Detailed explanation of the invention 

(field of industrial use) 

This invention is power distribution line materials, especially, a manufacturing 
method for overhead power lines, or wire used as trolley cable. 

It is well known that cables for power distribution must have certain properties 
such as high conductivity, high tensile strength, small co-efficient of linear expansion, 
and light weight. Formerly, various kinds of electric wire or cable for this application 
have been suggested. One examples is a composite conductor represented by alumoweld 
wire (AW) or aluminum coated steel wire. AW is made by compressing and sintering Al 
powder on steel wire and stretches it to a predetermine size to make rough pulling wire. 
Also, aluminum coated steel wire is made by extruding aluminum around steel wire 
which is simultaneously pulled through a die. The steel wire and Al are bonded by 
friction-pressure bonding. 

In these composite conductors, since tensile strength of steel is high and 
conductivity of Al is high, the tensile strength and conductivity can be increased as a 
whole. However, steel wire is heavy per unit length and also has a big co-efficient of 
linear expansion. Therefore, it has problem with sagging when it is used as an overhead 
power line or trolley cable, which causes increases costs. 

The object of this invention is to offer a method for obtaining a composite 
conductor which is superior in both tensile strength and conductivity and also is 
lightweight and has a small co-efficient of linear expansion. 

(steps for solving problems) 

In order to attain the object, this invention offers a manufacturing method for a 
carbon fiber composite electric cable which has the following characteristics: A core wire 
consisting of carbon fiber is continuously immersed in a molten metal conductor, and the 
molten metal is attached around the core wire. Next, after the metal is cooled and 
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solidified, it is pulled through a die. A carbon fiber composite conductor with 21 volume 
% or more carbon fiber is obtained. 

(function) 

The carbon fiber composite wire obtained according to the method of this 
invention will consist of a layer of good conductor metal around a core that consists of 
carbon fiber. At this point, since carbon fiber has high tensile strength, high tensile 
strength can be also obtained for the whole composite wire. Also, since carbon fiber has 
a small co-efficient of linear expansion, the overall co-efficient of linear expansion can be 
also small. By setting the Vf of carbon fiber to at least 21 %, the co-efficient of linear 
expansion can be made smaller than that of alumoweld wire. Also, since carbon fiber is 
light weight, the composite wire can be lighter also. 

Also, in the manufacturing method of this invention, not only is molten conductor 
metal attached and solidified on a carbon fiber core, but the composite wire is pulled 
through a die after solidification. By pulling the wire, work hardening occurs in the 
conductive layer on the surface, and strength can be improved. The pulling process also 
eliminates space between the conductor layer and core wire so a good bond is formed, 
and the conductor metal fills the fine depressions in the surface of the core wire. As a 
result, the conductor layer and core wire are bonded strongly, and strength as a whole 
will be improved. 

example of practice 

In figure 1, one example of the carbon fiber composite electric cable 1 obtained 
by the method of this invention is shown. This carbon fiber composite electric wire 1 has 
a conductor layer 3 formed around a core 2 that consists of carbon fiber. At this point, 
the carbon fiber which constitutes the core 2 is a bundle of many long fibers somewhere 
between 1 and 10 u.m in diameter. The conductor layer 3 consists of a good metal 
conductor, and various kinds of metal can be used depending on each application. For 
instance, the conductor layer 3 can be aluminum, copper, or steel. Regarding the Vf of 
the core 2 and conductor layer 3, as general tendency, when the Vf of the core 2 is 
increased, tensile strength is increased, at the same time, weight is decreased and the co- 
efficient of linear expansion becomes smaller. On the contrary, if the Vf of the conductor 
layer 3 is increased, conductivity will be increased. 

Next, we are going to explain specifically the case when carbon fiber composite 
conductive electric wire 1 which uses aluminum as the conductor layer replaces 
alumoweld wire. The relationship between tensile strength and co-efficient of linear 
expansion of the carbon fiber composite electric wire 1 and the carbon fiber is shown in 
figure 2. First, regarding the tensile strength, if the amount of carbon fiber exceeds 61 %, 
the tensile strength becomes bigger than that of alumoweld wire. Regarding the co- 
efficient of linear expansion, if the amount of carbon fiber exceeds 21 %, it will be 
smaller than the co-efficient of linear expansion of alumoweld wire. Accordingly, in 
order to reduce sagging at high temperature especially for overhead power lines or trolley 
cables, it is necessary to have at least 21% carbon fiber. 
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Table 1 below compares the properties of carbon fiber composite wire which has 
75% carbon fiber (8 jim x 61900) and 25% aluminum conductor, alumoweld wire which 
has a 0.16 mm thick aluminum layer on 1.98 mm diameter steel wire, and hard 2.3 mm 
diameter aluminum wire. 



table 1 

tensile strength weight CTE 

(kg) (kg/km) (xlO" 6 ) 

This invention 704 8.5 2.3 

Alumoweld 569 27.38 13.2 

Hard Aluminum 78.9 11.22 24 



As shown in table 1, in the carbon fiber-aluminum composite wire with 75 % of 
carbon fiber, tensile strength was increased 1.24 times compared to alumoweld wire, , 
weight dropped 31 %, and the co-efficient of linear expansion dropped 17 %. 

Next, the manufacturing method of the carbon fiber composite electric wire 1 of 
this invention is shown in figure 3. As shown in figure 3, the core 2 consisting of bundles 
of carbon fiber is continuously immersed in molten metal in a tub 5. Carbon fiber is 
supplied by a sending device 4 from the top side. The molten metal 6 -which is a good 
conductor in the tub 5 is attached to the core 2. Next, the core 2 with the molten metal 6 
is pulled out continuously from the bottom of the tub 5, and the melted metal 6 is cooled 
and solidified on a cooling belt 7. Next, it is pulled through a die 8, and it is finished to a 
predetermined size by the drawing process. ;The drawing process work hardens the 
conductor layer 3, and a bonding between the core 2 and the conductor layer 3 is 
improved. 

This invention can also be used to make carbon fiber-copper composite electric 
wire by forming a conductor layer 3 from copper. By forming the conductor layer 3 from 
steel, it can also be used to make carbon fiber-steel composite wire. Various 
characteristics of these composite electric wires are shown in table 2 in comparison with 
former wires. 

table 2 

tensile strength Weight CTE 

(kg) (kg/km) (xlO" 6 ) 

hard copper 185 36.9 16.5 

30% Vf Carbon 403 28.3 8.98 

fiber in 70% copper 

matrix 

Hard copper trolly 5240 1340 16.5 

cable with groove 

(150mm 2 ) 

20% Vf Carbon 11950 1130 11.1 
fiber in 80% copper 
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matrix trolley cable 

hard steel 519 32 12 

70% Vf Carbon 794 1701 34 

fiber in 30% copper 
matrix 



As shown in table 2, various properties such as tensile strength, weight, or co- 
efficient of linear expansion are extremely good for the carbon fiber composite electric 
wire obtained according to method of this invention. 

(effects of this invention) 

As is obvious from the above explanation, the carbon fiber composite wire 
obtained according to method of this invention consists of a good conductor metal 
formed around a core that consists of carbon fiber. Since the Vf of carbon fiber is 21 % 
or higher, its co-efficient of linear expansion is small. Accordingly, when it is used as 
overhead power line or trolley cable, it can reduce sagging at high temperature. Also 
smce carbon fiber is light weight, the composite wire can be lighter and it is superior'in 
tensile strength. Also, according to manufacturing method of this invention, not only is 
the conductor metal attached and solidified on the carbon fiber core by a simple process 
but the drawing process is performed after solidification. The drawing process eliminates 
space between the conductor layer and the core, and the conductor metal fills the fine 
depressions in the surface of the core. As a result, the conductor layer and core are 
bonded strongly, and this will increase strength of the composite structure. 

(simple explanation of figures) 

Figure 1 shows one example of the composite electric wire obtained by the 
method of this invention; figure 2 shows the relationship between Vf carbon fiber, 
tensile-strength, and co-efficient of linear expansion; figure 3 shows the manufacturing 
method of this invention. 

explanation of numbers in figures 

1: carbon fiber composite wire, 2: core, 3: conductor layer 
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